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Abstract
Humus formation is thought to depend directly on carbon input. Referring to earlier studies we tested the role of amino-bound nitrogen (amino-N) input to the soil using data of 10 long-term experiments with different fertilization and crop rotation treatments. In 8 out of the 10 experiments there was a significant positive correlation between the amino-N input and soil total N content. This correlation was much stronger than the one of total N input and soil N content, indicating that amino-N was more important for soil N accumulation than total N input. Amino-N from farmyard manure seems to be more effective in this respect than amino-N from other organic fertilizers.
Introduction
Humus (soil organic matter) is usually considered as a product of soil life. Humus level and composition are of crucial importance for many biological, chemical and physical properties of soils. Humus analysis and management are usually based on its carbon content. This view, however, seems to be too restrictive. Among others, the findings of Sowden & Schnitzer (1967) and Scheller & Friedel (2000) indicate that amino acids are involved in the synthesis of humic substances in agricultural soils and that amino acid turnover is one of the main factors influencing the organic matter content in soils. When analysing a number of soil samples under arable, grassland and forest use, Friedel & Scheller (2002) observed that 28-50% of total nitrogen was determined as hydrolysable amino acid-N. Therefore, Scheller & Friedel (2000) claimed that amino acids play an important role in the formation of soil organic matter and humic substances.
The objective of our investigation was to test the hypothesis that a higher input of amino-N (protein, peptide, amino acids) to the soil leads to a higher humus content, resulting also in a higher soil total nitrogen content. The evaluation was based on data from 10 long-term experiments with different fertilization and crop rotation treatments.
Materials and methods
Long-term experiments have been selected that include at least one organically fertilized treatment and treatments with mineral fertilization. Basic information of the trials is given in Table 1. Trial 3 is located in Switzerland, no. 5 in Sweden and all other trials in Germany. Further information and standard references of each experiment has been presented by Schuler (2007). 
Tab. 1: Basic information on the selected experiments
No	Name	Period	Treatments
 1	IOSDV* Berlin-Dahlem	1984-2003 (20 years)	Unfertilized; min**; FYM***; FYM + min; crop residues; crop residues + min
 2	LTE Darmstadt	1981-1995 (15 years)	Min; FYM; FYM + bd**** preparations; each type at 3 rates
 3	DOK trial Therwil	1978-1998 (21 years)	5 cropping systems fertilized with composted FYM + bd preparations; rotted FYM; FYM + min.; min solely; unfertilized
 4	K trial Järna	1958-1985 (28 years)	Unfertilized; min at 3 rates; comp. FYM; the same plus bd spray preparations; fresh FYM; fresh FYM + min
 5	Static Fertilization Experiment Bad Lauchstädt  plus Legumes	1926-1982 (57 years)	Untertilzed; legumes; min; min + legumes; FYM at 2 rates; FYM at 2 rates + min; FYM at 2 rates + legumes; FYM at 2 rates + min + legumes
 6	Static Fertilization Experiment Bad Lauchstädt	1903-1930 (28 years)	Unfertilized; min; FYM at 2 rates; FYM at 2 rates + min
 7	IOSDV Puch	1984-2004 (21 years)	Unfertilized; min; FYM; straw; straw + legumes; slurry; straw + slurry; all the organic treatments were also combined with min
 8	Fertilzer Combination Trial Seehausen	1967-1996 (30 years)	Unfertilized; min; FYM + min; high rate of FYM; high rate of FYM  + min 
 9	IOSDV Speyer	1983-2003 (21 years)	Unfertilized; min at 2 rates; FYM; FYM + 2 rates  of min; crop residues; crop residues + 2 rates of min
10	Static Soil Fertility Trial Thyrow	1937-1978 (42 years)	Mineral fertilzer at 2 rates; FYM at 2 rates; FYM at 2 rates + min; green manure; green manure + min; straw; straw + min 
* IOSDV = international organic nitrogen long-term trial
** min = mineral fertilizer
*** FYM = farmyard manure
**** bd = biodynamic
Data of the fertilizer amounts and N contents have been taken from publications of the experiments. N contents of manure were available in each case. If N contents of other organic fertilizers were missing, standard averages taken from other references were used. The total and the yearly N input by different fertilizers were calculated for each treatment over a defined period. N input by wet deposition was assumed to be the same for all treatments of a trial and, therefore, was not considered. The amino-N input was calculated based on organic fertilizers only, as they are the largest input pool of amino-N. Analytical data for amino-N contents in manure, slurry, straw, beet leaves etc. were taken from different references listed by Schuler (2007). If legumes (in monoculture or mixture) were cultivated as green manure crops, the amino-N input by the crop residues was calculated with the data of residue amounts, their N contents and standard analytical data of their amino-N ratios taken from references listed by Schuler, 2007. In some cases missing data had to be estimated. For example, for pea roots the amino-N ratio of clover roots was used. Amino-N input by other crop residues and root exudates were assumed to be similar in all treatments of a trial and, therefore, were neglected.
For each single trial, the relationship between either amino-N input (by organic fertilizers and, if applicable, by legume crop residues) or total N input and soil total N content was tested by Kendall’s rank correlation (Sokal & Rohlf, 1995). For all trials the effect of fertilization was tested by calculating the surplus of soil N in a fertilized treatment compared to the respective unfertilized one. This procedure helped to compare N supply effects across different sites. Linear regressions were calculated for the N surplus of a treatment against the amino-N input.
Results
In 8 out of the 10 experiments (apart from no. 1 and 4) the amino-N input was significantly correlated with the N content of the soil; the correlation coefficients varied between 0.54 and 0.89 (Table 2). In all these cases the correlation between total N input and soil N was much weaker and in many cases statistically not significant. Therefore, it can be concluded that the amino-N sypply was more important for accumulation of soil N than the total amount of N applied by fertilizers.
Tab. 2: Correlation between either amino-N input or total N input and soil total N content (at the end of the observation period) in all experiments; Kendall’s rank correlation tau and its probability p
No.	Site	Correlation between amino-N input and soil total N content	Correlation between total N input and soil total N content
 1	Berlin-Dahlem	0.2981 (p = 0.2004)	0.0667 (p = 0.4225)
 2	Darmstadt	0.7650 (p = 0.0020)	0.4119 (p = 0.0610)
 3	Therwil	0.6708 (p = 0.0502)	0.0000 (p = 0.5000)
 4	Järna	0.3118 (p = 0.1400)	0.3536 (p = 0.1103)
 5	Bad Lauchstädt	0.7526 (p = 0.0003)	0.6260 (p = 0.0023)
 6	Bad Lauchstädt	0.7454 (p = 0.0178)	0.7333 (p = 0.0194)
 7	Puch	0.5444 (p = 0.0069)	0.3817 (p = 0.0420)
 8	Seehausen	0.8944 (p = 0.0142)	0.8000 (p = 0.0250)
 9	Speyer	0.5774 (p = 0.0151)	0.3000 (p = 0.1301)
10	Thyrow	0.8040 (p = 0.0006)	0.3146 (p = 0.1027)
There was no statistically significant relationship between amino-N input and the N surplus in fertilized compared to unfertilized treatments. This was observed with all treatments that have received organic fertilizers only, as well as with all farmyard manure treatments (data not shown). However, the linear regression for all organic treatments showed a much lower probability (p=0.158) than the one for manure treatments (p=0.071) which may be a hint that farmyard manure has a specific function among organic fertilizers.
Discussion
The rank correlation results support the hypothesis mentioned above, as a higher input of amino-N was more important for soil N accumulation (and humus formation) in most experiments than a high total N input. However, the wide range of correlation coefficients indicates that amino-N input had no exclusive effect, but interacted with other experimental details or site conditions. No simple reason can be identified, why amino-N had no significant effect in two trials. Apparently, the role of amino-N was basically independent from whether organic (trial no. 2, 3, 4) or conventional cultivation was practised, though an earlier study with trial 2 indicated an effect of biodynamic preparations on amino acid turnover in the soil (Scheller & Raupp, 2005).
The origin of organic fertilizers, i.e. farmyard manure, slurry, straw, legumes, probably is of relevance for the amino-N effect on humus formation, as our results suggest (Schuler, 2007; data not shown). This aspect has to be considered in detail in further research, because of the growing trend, in each type of agriculture, to use residues of plant biomass fermentation as fertilizers.
Due to restricted data availability, in our study some simplifications had to be made. In order to obtain more specific results, in further investigations the amino-N input by roots and other crop residues should be quantified. Furthermore, not only input but also a possible loss from soil of amino-N e.g. by mineralization or direct uptake by crops should be considered.
Conclusions
Soil organic matter management solely based on carbon replacement does not reflect current understanding in a sufficient way. The role of amino-N and its fate during composting (and other processes of organic matter decomposition) should be investigated in more detail. Methods for humus budgeting may have to be revised.
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